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L2: Entry 9 of 25 



File: DWPI 



Nov 29, 2002 



DERWENT-ACC-NO: 2003-111058 
DERWENT-WEEK: 200310 

COPYRIGHT 2 003 DERWENT INFORMATION LTD 



TITLE: Humidity control system for fuel cell stack used in vehicle, has bypass line 
containing valve, which bypasses humidifier whose inlet and outlet are connected to 
gas supply and humidity sensor, , respectively 



INVENTOR: CLINGERMAN, B J; HORTOP, M K ; WHEAT, W S 



PATENT-ASSIGNEE : 
ASSIGNEE 

GENERAL MOTORS CORP 
CLINGERMAN B J 
HORTOP M K 
WHEAT W S 



CODE 

GENK 

CLINI 

HORTI 

WHEAI 



PRIORITY-DATA: 2001US-0848509 (May 3, 2001) 



PATENT -FAMILY: 
PUB -NO 

JP 2002343389 A 
US 20020164509 Al 
DE 10219626 Al 

APPLICATION-DATA : 
PUB -NO 

JP2002343389A 
US20020164509A1 
DE 10219626A1 



PUB -DATE 

November 29, 2 002 
November 7, 2002 
November 14, 2002 



APPL-DATE 
May 7, 2002 
May 3, 2001 
May 2, 2002 



LANGUAGE 



APPL-NO 
2002JP-0131554 
2001US-0848509 
2002DE-1019626 



PAGES MAIN- IPC 

008 . H01M008/04 

010 H01M008/04 

000 H01M008/04 



DESCRIPTOR 



INT-CL (IPC) : H01 M 8/04; H01 M 8/10 



AB S TRACTED - PUB - NO : 
BASIC -ABSTRACT: 



US20020164509A 



NOVELTY - The inlet and outlet of a humidifier (54) are connected to a gas supply 
(60) and a humidity sensor (78) whose output is connected to a fuel cell stack (56) 
and a controller (90). A bypass line (80) containing a valve (84), bypasses the 
humidifier. The controller receives a signal indicating the relative humidity of gas 
exiting the humidifier from the sensor and controls the valve accordingly. 

USE - For controlling humidity of individual fuel cell or stack of fuel cells used 
in vehicles as a replacement for internal combustion engine. 

ADVANTAGE - By bypassing the gas around the humidifier, the relative humidity levels 
of the gases are controlled efficiently, amount of make-up water that is required 
throughout the fuel cell system is reduced and the fuel cell is operated efficiently 
to produce maximum amount of electricity. Also allows lower flow rates through the 
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humidifier and increases the flexibility in humidifier design, thereby facilitating 
production of smaller and inexpensive humidifiers. 

DESCRIPTION OF DRAWING (S) - The figure shows the block diagram of the humidity 
control system. 

Humidifier 54 

Fuel cell stack 56 

Gas supply 60 

Humidity sensor 78 

Bypass line 80 

Valve 84 

Controller 90 

CHOSEN-DRAWING: Dwg.3/5 

TITLE-TERMS: HUMIDITY CONTROL SYSTEM FUEL CELL STACK VEHICLE LINE CONTAIN VALVE 
HUMIDIFY INLET OUTLET CONNECT GAS SUPPLY HUMIDITY SENSE RESPECTIVE 

DERWENT- CLASS: T06 X16 X21 

EPI-CODES: T06-B07; X16-C09; X16-C15; X16-K; X21-A01F; X21-B01A; 
S E CONDAR Y - ACC - NO : 

Non-CPI Secondary Accession Numbers: N2003 -088368 
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L2: Entry 22 of 25 File: DWPI Nov 22, 1991 

DERWENT-ACC-NO : 1992-012866 
DERWENT-WEEK: 19994 8 

COPYRIGHT 2 003 DERWENT INFORMATION LTD 

TITLE: Appts. for measuring flow rate of water vapour in process gas including 
system - has device connected to dew point sensor and pressure sensor to calculate 
pressure sensor to calculate pressure of water vapour in gas mixture 

INVENTOR: MATSUM0T0, S; SASAKI, A ; SHINOKI , T " 



PATENT-ASSIGNEE: 
ASSIGNEE 

MITSUBISHI DENKI KK 



CODE 
MITQ 



PRIORITY-DATA: 1990JP-0063055 (March 13, 1990) 



PATENT -FAMILY: 
PUB -NO 

JP 03262„ 9.Z6^A 
US. 5190726 A 



2646788 B2 



PUB -DATE 
November— 2-2 
March^T^igj 




1991 



August 27, 1997 



LANGUAGE 



PAGES MAIN- IPC 
002 

006 . G01N025/66 

004 G01F001/00 



APPLICATION-DATA : 
PUB -NO 

JP 03262926A 
US 5190726A 
JP 2646788B2 
JP 2646788B2 



APPL-DATE 
March 13, 1990 
March 11, 1991 
March 13, 1990 



APPL-NO 
1990JP-0063055 
1991US-0666907 
1990JP-0063055 
JP 3262926 



DESCRIPTOR 



Previous Publ . 



INT-CL (IPC) : G01F 1/00; G01N 25/66; H01M 8/06 



ABSTRACTED - PUB -NO : 
BASIC -ABSTRACT : 



JP 03262926A 



Sensor comprises a temp, sensor, a humidity sensor, a gas stream sensor and a 
radiation sensor formed on a Si semiconductor chip by thin film formation. 

USE/ADVANTAGE - Useful for an environmental conditioner e.g. air-conditioner, 
humidifier, air cleaner, etc. Atmospheric temp., humidity and radiation may be 
simultaneously and separately detected. The sensor is small and light and has a 
small consumption of electricity. It may be easily assembled into the remote 
controller of the environmental conditioner. 
ABSTRACTED - PUB -NO : 



US 5190726A 
EQUIVALENT -ABSTRACTS : 

The appts. mixes an inert gas with a process gas having a first gas (such as natural 
gas) and steam to obtain a gas mixture. The dew point and the pressure of the gas 
mixture are measured, and the partial pressure of water vapour in the gas mixture is 
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calculated based on the measured dew point and pressure. 



Based on the calculated partial pressure and the flow rates of the first gas and the 
inert gas, the flow rate of. water of water vapour in the process gas is calculated 
and is used to control the flow rate of steam. 

USE - In fuel cell generating system. 



CHOSEN-DRAWING: Dwg.l/2 

TITLE-TERMS: APPARATUS MEASURE FLOW RATE WATER VAPOUR PROCESS GAS SYSTEM DEVICE 
CONNECT DEW POINT SENSE PRESSURE SENSE CALCULATE PRESSURE SENSE CALCULATE PRESSURE 
WATER VAPOUR GAS MIXTURE 

DERWENT- CLASS: L03 S02 S03 X16 

CPI-CODES: L03-E04; 

EPI-CODES: S02-C01B4; X16-C; X16-H; S02-F04C; S03-E01B; 



SECONDARY- ACC -NO : 

CPI Secondary Accession Numbers: C1993 -052380 
Non-CPI Secondary Accession Numbers: N1993-089876 
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L5 : Entry 3 of 4 



File: DWPI 



Apr 11, 2002 



DERWENT-ACC-NO: 2002-404020 
DERWENT-WEEK: 200243 

COPYRIGHT 2 003 DERWENT INFORMATION LTD 

TITLE: Humidity sensor for exhaust gas of internal combustion engine of vehicle, 
ship, has upper platinum electrode with porous surface which contacts moisture 
sensitive layer and specific portion of substrate 

INVENTOR: ISHIDA, N; SUGAYA, S ; YAMADA, T 



PATENT -ASSIGNEE : 
ASSIGNEE 

NGK SPARK PLUG CO LTD 



CODE 
NITS 



PRIORITY-DATA: 2 000 JP- 03 09169 {October 10, 2000) 



PATENT- FAMILY: 
PUB -NO 

US 20020040598 Al 
JP 2002116172 A 
EP 1197748 Al 

DESIGNATED -STATES : 
RO SE SI TR 



PUB -DATE 

April 11, 2002 

April 19, 2002 

April 17, 2002 



LANGUAGE 



PAGES 
011 
008 
000 



MAIN-IPC 
G01N001/00 
G01N027/12 
G01N027/12 



AL AT BE CH CY DE DK ES FI FR GB GR IE IT LI LT LU LV MC MK NL PT 



AP PL I CAT I ON - DATA : 
PUB -NO 

US20020040598A1 
JP2002116172A 
EP 1197748A1 



APPL-DATE 
October 9, 2001 
October 10, 2000 
October 9, 2001 



APPL-NO 
2001US-0971711 
2000JP-0309169 
2001EP-0308624 



DESCRIPTOR 



INT-CL (IPC) : G01 N 1/00; G01 N 19/00; G01 N 27/04; G01 N 27/12; H01 C 7/00 



ABSTRACTED -PUB -NO: US20020040598A 
BAS IC -ABSTRACT : 

NOVELTY - The lower and upper platinum electrodes (12,14) having porous surface, are 
formed on an insulated substrate (11) . The upper electrode contacts a moisture 
sensitive ceramic layer (13) and a portion of the insulating substrate which is 
provided with a heater (111) . 

USE - For measuring moisture content of air, exhaust gas of an internal combustion 
engine of vehicle, ship, airplane, interlial^feraosphere of fuel cell, etc. 




ADVANTAGE - Achieves stable yhumidity dete^LtioH- ^erf ormance over a long period of 
time, even when the sensor is^^expesetPto an atmosphere containing a very small 
amount of oxygen and a considerable amount of reducing gas . Since the electrodes are 
formed from the same material, the process for forming the electrodes can be 
simplified and simultaneous firing of electrodes can be carried out easily. The 
sensor is of high accuracy, exhibits excellent durability in which the strength of 
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adhesion between an insulating substrate and a moisture sensitive layer is enhanced. 

DESCRIPTION OF DRAWING (S) - The figure shows a cross -sectional view of the humidity 
sensor . 

Insulated substrate 11 
Lower platinum electrode 12 
Moisture sensitive ceramic layer 13 
Upper platinum electrode 14 
Heater 111 

CHOSEN-DRAWING : Dwg.lb/5 

TITLE-TERMS: HUMIDITY SENSE EXHAUST GAS INTERNAL COMBUST ENGINE VEHICLE SHIP UPPER 
PLATINUM ELECTRODE POROUS SURFACE CONTACT MOIST SENSITIVE LAYER SPECIFIC PORTION 
SUBSTRATE 

DERWENT- CLASS: J04 L03 S03 U12 V01 W06 X22 
CPI-CODES: J04-C02; L03-B01A3; 

EPI-CODES: S03-E02A; S03-F09; U12-B03E; U12-E02; V01-A02; W06-C01B5; X22-A05B; 
SECONDARY-ACC-NO : 

CPI Secondary Accession Numbers: C2002 -113475 
Non-CPI Secondary Accession Numbers: N2002-317118 
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L7: Entry 1 of 2 



File: JPAB 



Feb 21, 2003 jfl<£* 



PUB-NO: JP02003051328A 

DOCUNENT- IDENTIFIER: JP 2003051328 A 

TITLE: OPERATION METHOD OF FUEL CELL AND POWER SUPPLY 

PUBN-DATE: February 21, 2003 

INVENTOR- INFORMATION : 
NAME 

NOMOTO, KAZUTOSHI 



COUNTRY 



AS S IGNEE - INFORMATION : 

NAME COUNTRY 
SONY CORP 



APPL-NO: JP2001239976 
APPL-DATE: August 7, 2 001 

INT-CL (IPC) : H01 M 8/04; H01 M 8/10 

ABSTRACT : 



PROBLEM TO BE SOLVED: To restrain aggregation of moisture which hinders an air 
passage without needing a complicated system. 

SOLUTION: This operation method of a fuel cell extracts electromotive force from a 
fuel cell by feeding the air and a fuel gas . The intake quantity of air is 
controlled while monitoring exhaust air humidity. Specifically, the intake quantity 
of air is controlled so as to set the exhaust air humidity at a certain value or 
below. For the structure of this power supply, a fuel cell having an air feeding 
part, an air exhaust part and a fuel gas feeding part is provided as a power source, 
a humidity sensor is installed in the air exhaust part, and a control mechanism for 
controlling the air feeding quantity in the air feeding part by information from the 
humidity sensor is installed. 

COPYRIGHT: (C) 2 003, JPO 
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L7: Entry 2 of 2 



File: JPAB 



Aug 1, 1987 



PUB-NO: JP362176064A 

DOCUMENT- IDENTIFIER: JP 62176064 A 
TITLE: METHANOL FUEL CELL 



PUBN-DATE: August 1, 1987 

INVENTOR- INFORMATION : 
NAME 

TSUKUI, TSUTOMU 
YASUKAWA, SABURO 
SHIMIZU, TOSHIO 
DOI, RYOTA 
YAMAGUCHI, MOTOO 
IWAASA,. SHUZO 



COUNTRY 



ASS IGNEE - INFORMATION : 
NAME 

HITACHI LTD 



COUNTRY 



APPL-NO: JP61014688 
APPL-DATE: January 28, 1986 

INT-CL (IPC) : H01M 8/04 

ABSTRACT : 



PURPOSE: To always keep water balance in a good condition to obtain a steady high 

performance methanol fuel cell by controlling the am ount _ of ^an ox idizin g ag ent 

supplied to an oxidizing agent chamber so that the <^^a tj^eZHu^ gas" ) 
from the oxidizing agent gas chamber is controlled within a specif ied~range~; " "~ 

CONSTITUTION: An oxidizing agent electrode 2 and a fuel electrode 3 are arranged on 
each side of an electrolyte layer 1 of a methanol fuel cell, and an oxidizing agent 
chamber 4 and a fuel chamber 5 are f or me,d-on— each— the outside. A humidity sensor 
11 is arranged near the (6uTTet^o? =r an" "exhaust gas 7 ^pcom the oxidizing gas chamber 4. 
A signal from the s ens or^1r3^J^---Miptt- t tod - in to a Con€roller 13 through a detector 12 
to control the number of rotations of a blower 14 in an inlet of an oxidizing agent 
6. The supply_amoun t_of the ^oxidizing agent 6 is controlled accord ing to the 
humidity of the exhaust gas -from^the^oxid-i zing- .soTJbK^tZrelat ive 

humi*d-Lty_^is* kept in ~70∼ 95% . Thereby, water balance in the oxidizing agent" 
electrode 2 is always kept in a good condition. 



COPYRIGHT: (C) 1987 , JPO&Japio 
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Lll: Entry 13 of 28 



File: DWPI 



Sep 12, 2001 



DERWENT-ACC-NO: 2002-068190 
DERWENT - WEEK : 2 00210 

COPYRIGHT 2003 DERWENT INFORMATION LTD 

TITLE: Polymer electrolytic fuel cell system for electricity generation, controls 
operating state of fuel cell such that water quantity control ratio lies within 
predetermined range 

INVENTOR: HAMAD A, H; MATSUMOTO , S ; SANO, S ; TSUGANE, T 



PATENT -ASSIGNEE : 
ASSIGNEE 

TOYOTA JIDOSHA KK 



CODE 
TOYT 



PRIORITY-DATA: 2000 JP-0063852 (March 8 # 2000) 



PATENT-FAMILY: 
PUB -NO 

EP 1132986 A2 

US 20010028970 Al 

JP 2001256988 A 



PUB -DATE 

September 12, 2001 
October 11, 2001 
September 21, 2001 



LANGUAGE PAGES MAIN - I PC 

E 020 H01M008/04 

000 H01M008/04 

012 H01M008/04 



DESIGNATED -STATES: AL AT BE CH CY DE DK ES FI FR GB GR IE IT LI LT LU LV MC MK NL PT 
RO SE SI TR 



AP P L I CAT I ON - DATA : 
PUB-NO 

EP 1132986A2 

US20010028970A1 

JP2001256988A 



AP PL -DATE 
March 7, 2001 
March 8, 2001 
March 8, 2000 



APPL-NO 
2001EP-0105662 
2001US-0800887 
2000JP-0063852 



DESCRIPTOR 



INT-CL (IPC) : H01 M 8/04; H01 M 8/10 



ABSTRACTED -PUB -NO: EP 113 2 98 6 A 
BASIC -ABSTRACT: 

NOVELTY - A calculation unit computes water quantity control ratio which relates 
detected water quantity to saturated water vapor content in exhaust gas. A 
controller controls the operating state of fuel cell such that the water quantity 
control ratio lies within a predetermining range. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for polymer 
electrolytic fuel cell operating method. 

USE - For generating electricity using hydrogen and oxygen as fuel. 

ADVANTAGE - By controlling the water quantity control ratio within a predetermined 
range, the fuel cell can be operated without humidifying the cathode gas and anode 
gas . 
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DESCRIPTION OF DRAWING (S) - The figure shows the flowchart explaining operation 
control routine of fuel cell . 
ABSTRACTED - PUB -NO : 

US20010028970A 
EQUIVALENT-ABSTRACTS : 

NOVELTY - A calculation unit computes water quantity control ratio which relates 
detected water quantity to saturated water vapor content in exhaust gas. A 
controller controls the operating state of fuel cell such that the water quantity 
control ratio lies within a predetermining range. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for polymer 
electrolytic fuel cell operating method. 

USE - For generating electricity using hydrogen and oxygen as fuel. 

ADVANTAGE - By controlling the water quantity control ratio within a predetermined 
range, the fuel cell can be operated without humidifying the cathode gas and anode 
gas . 

DESCRIPTION OF DRAWING (S) - The figure shows the flowchart explaining operation 
control routine of fuel cell. 



CHOSEN-DRAWING: Dwg.3/12 

TITLE-TERMS: POLYMER ELECTROLYTIC FUEL CELL SYSTEM ELECTRIC GENERATE CONTROL OPERATE 
STATE FUEL CELL WATER QUANTITY CONTROL RATIO LIE PREDETERMINED RANGE 

DERWENT- CLASS: XI 6 

EPI-CODES: X16-C01C; X16-C09; X16-K; 
SECONDARY- ACC -NO : 

Non-CPI Secondary Accession Numbers: N2002 -050495 
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L5: Entry 2 of 4 



File: DWPI 



Dec 13, 2002 



DERWENT-ACC-NO: 2003-069425 
DERWENT-WEEK: 200311 

COPYRIGHT 2 003 DERWENT INFORMATION LTD 

TITLE: Humidity sensor, to measure moisture content of air in e.g. exhaust gas in 
exhaust pipe of vehicle, includes moisture-sensitive layer of porous material 

INVENTOR: FUJITA, H; ISHIDA, N ; KATO, K ; OSHIMA, T ; SUGAYA, S ; YAMADA, T 
PATENT-ASSIGNEE: 

ASSIGNEE CODE 
NGK SPARK PLUG CO LTD NITS 



PRIORITY-DATA: 2 00 UP- 01653 19 (May 31, 2001), 2 001JP- 01653 18 (May 31, 2001) 



PATENT -FAMILY: 
PUB -NO 

JP 2002357581 A 
EP 1262767 A2 
US 20020190840 Al 
JP 2002357579 A 



PUB -DATE 

December 13, 2 002 
pDeicember 4^ 2002 



uecemoer 19, 2002 



December TT7 2002 



LANGUAGE 



PAGES 

009 

020 

000 

007 



MAIN- IPC 

G01N027/12 

G01N027/12 

G01N001/00 

G01N027/12 



DESIGNATED -STATES : 
RO SE SI TR 



AL AT BE CH CY DE DK ES FI FR GB GR IE IT LI LT LU LV MC MK NL PT 



APPLICATION-DATA : 
PUB -NO 

JP2002357581A 
EP 1262767A2 
US20020190840A1 
JP2002357579A 



APPL-DATE 
May 31, 2001 
May 29, 2002 
May 30, 2002 
May 31, 2001 



APPL-NO DESCRIPTOR 

2001JP-0165319 

2002EP-0011947 

2002US-0157134 

2001JP-0165318 



INT-CL (IPC) : G01 N 1/00; G01 N 27/12; H01 M 8/04 



ABSTRACTED- PUB -NO: EP 12 62 7 6 7A 
BASIC -ABSTRACT: 

NOVELTY - A humidity sensor comprises an insulating substrate (11) , a detection 
electrodes, and a moisture- sensitive layer (13) that is a porous layer of thickness 
not more than 2 00 micro m. 

USE - For measuring the moisture content of air, e.g. exhaust gas an exhaust pipe of 
an internal combustion engine, e.g. automobile, ship or airplane; or an atmosphere 
surrounding a fuel electrode or air electrode or an atmosphere in a pipe of a fuel 
cell . 

ADVANTAGE - The novel sensor produces a stable output and exhibits excellent 
durability, even in application to measurement in an atmosphere which exhibits low 
oxygen concentration, presence of a reducing gas, high temperature, and variations 
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in gas flow rate and gas flow velocity. 

DESCRIPTION OF DRAWING (S) - The figure shows a schematic perspective view showing 
the above humidity sensor . 

Insulating substrate 11 

Lower electrode 12 

Moisture-sensitive layer 13 

Upper electrode 14 

CHOSEN-DRAWING : Dwg . la/ 9 

TITLE-TERMS: HUMIDITY SENSE MEASURE MOIST CONTENT AIR EXHAUST GAS EXHAUST PIPE 
VEHICLE MOIST SENSITIVE LAYER POROUS MATERIAL 

DERWENT- CLASS: H06 J04 S03 

CPI-CODES: H06-C05; J04-C04; 

EPI-CODES: S03-E01B; S03-E02C1; 

SECONDARY -ACC -NO : 

CPI Secondary Accession Numbers: C2003 -018199 
Non-CPI Secondary Accession Numbers: N2003 -053985 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

04.12.2002 Bulletin 2002/49 

(21) Application number 02011947.5 

(22) Date of filing: 29.05.2002 



(H) EP 1 262 767 A2 

EUROPEAN PATErfT APPLICATION 

(51) lntCl7: G01N 27/12 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NLPTSETR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 31.05.2001 JP 2001165318 
31.05.2001 JP 2001165319 

(71) Applicant: NGK SPARK PLUG CO., LTD 
Mizuho-ku Nagoya-shi Aichi (JP) 

(72) Inventors: 

• Fujtta, Hlrokl, c/o NGK Spark Plug Co., Ltd. 
Nagoya-shi, Aichi (JP) 



• Yamada, Tetsuo, c/o NGK Spark Plug Co., Ltd. 
Nagoya-shi, Aichi (JP) 

• Sugaya, Satoshi, c/o NGK Spark Plug Co., Ltd. 
Nagoya-shi, Aichi (JP) 

• Kato, Kenji, c/o NGK Spark Plug Co., Ltd. 
Nagoya-shi, Aichi (JP) 

• Ishida, Noboru, c/o NGK Spark Plug Co., Ltd. 
Nagoya-shi, Aichi (JP) 

• Oshlma, Takaf umi, c/o NGK Spark Plug Co., Ltd. 
Nagoya-shi, Alchl (JP) 

(74) Representative: GrQnecker, Kinkeldey, 

Stockmair & Schwanhausser Anwaftssozietat 
Maxim II lanstrasse 58 
80538 Munchen (DE) 



fa of 



(54) Humidity sensor 



(57) A humidity sensor comprising an insulating substrate, a detection electrodes and a moisture-sensitive layer, 
wherein the moisture-sensitive layer is a porous layer and has a thickness not greater than 200 urn. 




Printed by Jauve, 75001 PARIS (FR) 



EP 1 262 767 A2 



Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to a humidity sensor for measuring the moisture content of an atmosphere by 
means of change in an electrical resistance of a moisture-sensitive layer The humidity sensor can be used, for example, 
for measuring the moisture content of air; the moisture content of exhaust gas in an exhaust pipe of an internal com- 
bustion engine of, for example, an automobile, ship, or airplane; or the moisture content of, for example, an atmosphere 
surrounding a fuel electrode or an air electrode or an atmosphere in a pipe of a fuel cell. 

10 

BACKGROUND OF THE INVENTION 

[0002] Typically employed humidity sensors include resistance-variable-type humidity sensors utilizing adsorption 
and desorption of water molecules; and capacitance-variable-type humidity sensors utilizing change in capacitance. 
is Such humidity sensors are formed from a moisture sensitive material such as AI2O3, MgCr 2 0 4 -Ti0 2 , Ti0 2 -V 2 0 5l or 
ZrCr 2 0 4 -LiZrV0 4 . Most of the humidity sensors measure a change in electric resistance. 

[0003] Humidity sensors formed from such moisture sensitive ceramic materials are typically fabricated by a method 
described in, for example, Japanese Patent Publication (kokokU) No. 1989-22965. Specifically, a lower electrode is 
formed on an insulating substrate; a moisture-sensitive layer is formed through pelleting or a like process in such a 
20 manner as to overlie the lower electrode; and an upper electrode is formed on the upper surface of the moisture- 
sensitive layer. A humidity sensor whose detection electrodes each assume a comblike shape is also known. 

SUMMARY OF THE INVENTION 

25 [0004] Such conventional humidity sensors can be used in the ordinary atmosphere or the like without involvement 
of problems. However, the conventional humidity sensors involve problems, such as low-precision measurement and 
impaired response, in application to measurement in an atmosphere which exhibits significant temperature variation 
(e.g. -40 to 750 °C), very low oxygen concentration, and significant variations in, for example, gas flow velocity, gas 
flow rate, and gas pressure, as in an exhaust pipe of an automobile, or in application to measurement in an atmosphere 

30 which contains a considerable amount of reducing gas, such as an atmosphere surrounding a fuel electrode of a fuel 
cell. In application to measurement in such an atmosphere, a humidity sensor must exhibit excellent thermal shock 
resistance in addition to sufficiently good response. A conventional humidity sensor including a moisture-sensitive layer 
formed through pelleting or a common thick-film-type humidity sensor fails to detect accurately and at highly good 
response a change in electrical resistance of the moisture-sensitive layer which is induced by the moisture content of 

35 an atmosphere to be measured, and fails to exhibit sufficient strength in relation to thermal shock resistance, etc. 

[0005] The present invention contemplates solving the aforementioned conventional problems. An object of the 
present invention is to provide a humidity sensor capable of exhibiting highly good response and excellent strength in 
relation to, for example, thermal shock resistance, and capable of maintaining stable moisture sensitivity over a long 
period of time, even in application to measurement in an atmosphere which exhibits significant temperature variation, 

40 very low oxygen concentration, and significant variations in, for example, gas flow velocity, gas flow rate, and gas 
pressure, as in an exhaust pipe of a vehicle. 

[0006] When the moisture-sensitive layer of a humidity sensor assumes the form of a thin layer having a certain 
thickness, the humidity sensor can exhibit enhanced response, and thermal stress can be reduced. When the detection 
electrodes of the humidity sensor are formed of a porous material that is formed from a noble metal, such as Pt or Au 

45 which exhibits excellent heat resistance and corrosion resistance and has an average pore size greater than that of 
the moisture-sensitive layer, strong adhesion can be attained among an insulating substrate, the detection electrodes, 
and the moisture-sensitive layer while excellent response, for example, is maintained intact. Even in application to 
measurement in a specific atmosphere as in an exhaust pipe of a vehicle, such a humidity sensor can exhibit high 
accuracy, highly good response, and sufficient strength in relation to, for example, thermal shock resistance, and can 

so maintain excellent humidity detection performance over a long period of time. 

[0007] The present invention has been accomplished on the basis of this finding. 

BRIEF DESCRIPTION OF THE DRAWING 

55 [0008] 

[FIGS. 1a and 1b] 

(1 a) Schematic perspective view showing a humidity sensor having electrodes formed on the upper and lower 
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surfaces of a moisture-sensitive layer. (1b) Cross-sectional view of the humidity sensor taken along line A-A' in 
FIG. 1a. 

[FIGS. 2a, 2b and 2c] 

(2a) Schematic perspective view showing comblike electrodes formed on an insulating substrate. (2b) Sche- 
s matic perspective view showing a humidity sensor formed through additional formation of a moisture-sensitive 

layer on the product of FIG. 2a. (2c) Cross-sectional view of the humidity sensor taken along line A-A 1 in FIG. 2b. 
[FIG. 3] 

Graph showing comparison of change of sensor resistance with relative humidity between Example and Com- 
parative Example. 
10 [FIG. 4] 

Graph showing comparison of response characteristic as represented by sensor output reduced to humidity 
between Examples and Comparative Example. 
[FIG. 5] 

Enlarged graph showing a portion of the graph of FIG. 4 corresponding to a region of short response time. 
is [FIG. 6] 

Graph showing interrelation between response characteristic as represented by sensor output reduced to 
humidity and the thickness of a moisture-sensitive layer. 
[FIG. 7] 

Schematic explanatory view showing diffusion of a gas to be measured within a moisture-sensitive layer. 
20 [FIG. B] 

Schematic representation showing an apparatus for evaluating initial characteristics, etc. of a humidity sensor 
by means of a diffluence method. 
[FIGS. 9a and 9b] 

(9a) Schematic perspective view showing a humidity sensor having a protective layer. (9b) Cross-sectional 
25 view of the humidity sensor taken along line A-A* in FIG. 9a. 

[Description of Reference Numerals] 

[0009] 

30 

1 : humidity sensor 

1 1 : insulating substrate 

111: heater 

1 1 2: temperature measurement resistor 

35 12: lower electrode 

13: moisture-sensitive layer 

14: upper electrode 

15: comblike electrode 

121 , 141 , 151 , 152: output lead wires connected to electrodes 

40 2: air cylinder 

31 : mass flow (wet) 

32: mass flow (dry) 

4: thermostatic chamber 

51 : first saturated bath 

45 52: second saturated bath 

6: evaluation container 

7: temperature-humidity detection apparatus 

150: protective layer 

so DETAILED DESCRIPTION OF THE INVENTION 

[0010] A humidity sensor of the present invention contains an insulating substrate, a detection electrodes, and a 
moisture-sensitive layer, and is characterized in that the moisture-sensitive layer is formed of a porous material and 
has a thickness not greater than 200 u/n. 
55 [001 1] No particular limitations are imposed on an insulating material used for forming the aforementioned "insulating 
substrate." The insulating substrate may be formed from a ceramic material, a resin, or a like material. Of these ma- 
terials, a ceramic material, which exhibits most excellent heat resistance among these materials, is preferred. Examples 
of such a ceramic material include AI2O3 and Zr0 2 . Of these ceramic materials, alumina, which exhibits excellent 
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insulating property and mechanical strength and is advantageous in terms of cost is more preferred. No particular 
limitations are imposed on the thickness and planar dimensions of the insulating substrate, but the substrate can be 
formed into a rectangular platy body having a thickness of 0.3 to 2.0 mm, a width of 3 to 8 mm, and a length of 1 0 to 
50 mm. 

5 [0012] The aforementioned "detection electrodes" is formed from an electrically conductive material, and preferably 
contains a predominant amount (preferably. 50 to 99 %) of at least one noble metal selected from Au, Ag, Ru, Rh, Pd, 
Os, Ir, and Pt. Of these noble metals, Pt or Au is more preferred. Particularly, Pt is the most preferred, since Pt is not 
easily oxidized at high temperature, is not diffused in the moisture-sensitive layer, and has a sufficiently high melting 
point. Therefore, when the detection electrodes are formed from Pt, the humidity sensor exhibits further enhanced 

10 durability. 

[0013] The detection electrodes may be formed from an alloy containing two or more of above-described noble 
metals. For example, a combination of Pt and Rh is useful, since evaporation of Pt at high temperature is suppressed. 
The electrodes formed from a noble metal may contain other components, so long as such "other components" do not 
greatly affect the properties of the electrodes. The term "predominant" or "predominantly" used in relation to noble 
15 metal content means, for example, that 1 00 parts by mass (weight) of detection electrodes contains a noble metal in 
an amount of not less than 75 parts by mass, preferably not less than 85 parts by mass. 

[0014] Preferably, each of the detection electrodes predominantly contains a noble metal and is formed of a porous 
material. When the moisture-sensitive layer and the detection electrodes are both formed of a porous material, a gas 
to be measured can easily and uniformly diffuse in the moisture-sensitive layer and the detection electrodes, whereby 

20 response of the humidity sensor can be enhanced. Preferably, in the humidity sensor, diffusion of a gas to be measured 
is not limited within the detection electrodes, whereby response of the humidity sensor can be further enhanced. Meth- 
ods for attaining the above include a method in which each of the detection electrodes is rendered thinner as compared 
with the moisture-sensitive layer and a method in which each of the detection electrodes is enhanced in gas permeability 
than the moisture-sensitive layer. 

25 [001 5] In order to enhance gas permeability of the detection electrodes, noble metal grains contained in the detection 
electrodes are rendered greater in average grain size than grains of a moisture sensitive material used for forming the 
moisture-sensitive layer. As a result, the detection electrodes can assume the form of a porous material which has an 
average pore size greater than that of the moisture-sensitive layer, whereby response of the moisture sensor can be 
enhanced as in the case where thin detection electrodes are employed. The average grain size of moisture sensitive 

30 material grains, the average grain size of noble metal grains, the average pore size of the moisture-sensitive layer, 
and the average pore size of the detection electrodes can be calculated from grain sizes and pore sizes obtained 
through electron micrography on a section of the moisture-sensitive layer and a section of the detection electrode. The 
diameter of pores in the upper electrode and the lower electrode each preferably fall within the range of from 0.5 um 
to 20 um. The diameter of pores in the moisture-sensitive layer preferably fall within the range of from 0.05 um to 1 

35 um. In order to obtain an upper electrode and a lower electrode having desired moisture permeability and electrical 
conductivity, it is preferred that the upper electrode and the lower electrode each contains a particulate ceramic such 
as particulate alumina and particulate zircon ia incorporated therein in an amount of from 1 to 20% by weight. The 
reason for the restriction of the content of particulate ceramic to not smaller than 1% by weight is to exert a sufficient 
effect of improving the moisture permeability of the various electrodes. The reason for the restriction of the content of 

40 particulate ceramic to not greater than 20% by weight is to assure the prevention of malconduction of the various 
electrodes. 

[0016] Diffusion of a gas to be measured in the detection electrodes is also influenced by a material used for forming 
the electrodes. In some cases, a material used for .forming the electrodes may contain a glass component and a 
sintering aid which contains an alkaline earth metal element. Such components are effective for facilitating firing at low 

45 temperature and for stabilizing the electrodes, but hinder diffusion of a gas to be measured. Therefore, preferably, the 
detection electrodes predominantly contains a noble metal not containing such components. When the detection elec- 
trodes is specified in terms of thickness, average pore size, and material as described above, diffusion of a gas to be 
measured within the detection electrodes can hardly be limited. A sintering aid to be used is preferably a compound 
of excellent thermal stability, such as alumina or zircon ia, thereby enhancing adhesion between the detection electrodes 

so and the insulating substrate or the moisture-sensitive layer. 

[0017] The planar shape of the detection electrodes is not particularly limited, but may be circular, elliptical, or, as 
shown in FIG. 1a, rectangular. Alternatively, the detection electrodes may assume a comblike form as shown in FIGS. 
2a to 2c. Since portions of the detection electrodes which are not in contact with the moisture-sensitive layer do not 
function as the detection electrodes, the moisture-sensitive layer is preferably in contact with the entire surfaces of the 

55 detection electrodes. A pair of comblike electrodes, or the lower electrode formed on the lower surface of the moisture- 
sensitive layer and the upper electrode formed on the upper surface of the moisture-sensitive layer are not necessarily 
formed from the same noble metal, but the electrodes are preferably formed from the same noble metal, since the 
process for forming the electrodes can be simplified, and simultaneous firing of the electrodes can be carried out easily. 
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[0018] The aforementioned "moisture-sensitive layer" may be formed from a variety of moisture sensitive materials. 
Examples of the moisture sensitive materials include moisture sensitive ceramic materials, such as AI2O3, Af20 3 -Ti0 2 - 
Sn0 2 , MgCr 2 (V"n0 2 , 710 2 -V 2 0 5 , ZrCr 2 0 4 -LiZrV04, ZnCr0 4 , 710 2 -Sn0 2 , and NASICON. When the moisture-sensitive 
layer is formed from a moisture sensitive material containing a plurality of oxides, the proportions of the oxides are not 

s particularly limited; i.e., the moisture-sensitive layer may be formed from a generally used moisture sensitive material. 
[0019] The moisture-sensitive layer is formed of a porous materia) and has a thickness not greater than 200 urn 
When the thickness of the moisture-sensitive layer exceeds 200 \w\, response time at the time of 62.3% response 
(time constant t=1) t which will be described later in Examples, exceeds 2 sec, resulting in impaired response. The 
thickness is preferably not greater than 100 urn, particularly preferably not greater than 75 um, further preferably not 

10 greater than 50 urn. The thickness can also be as small as not greater than 30 um. When the thickness of the moisture- 
sensitive layer is not greater than 50 urn, response time at the time of 62.3% response can be sufficiently short; spe- 
cifically, not longer than 1 .5 sec at a thickness not greater than 50 \wn t and not longer than 1 .3 sec at a thickness not 
greater than 30 um. In view of prevention of short circuit when the electrodes are formed on the upper and lower 
surfaces of the moisture-sensitive layer, attainment of sufficient durability in the course of use, and easy fabrication, 

15 among other factors, the thickness of the moisture-sensitive layer is preferably not less than 5 urn, particularly preferably 
not less than 10 \xm. 

[0020] The thin moisture-sensitive layer yields another effect of reducing thermal stress, thereby enhancing thermal 
shock resistance. In the humidity sensor, the insulating substrate, the detection electrodes, and the moisture-sensitive 
layer differ in material and thermal expansion coefficient. Thus, when the detection electrodes and the moisture-sen- 
20 sitive layer are thick in relation to the insulating substrate, thermal stress induced by thermal expansion increases, 
potentially resulting in cracking, chipping, or a like defect, possibly leading to breakage. 

[0021] According to the present invention, the moisture-sensitive layer is rendered thin, and each of the detection 
electrodes is rendered thinner as compared with the moisture-sensitive layer, whereby thermal stress can be sufficiently 
reduced to thereby provide a humidity sensor having excellent durability. No particular limitation is imposed on the ratio 

25 between the thickness (t,,,) of the moisture-sensitive layer and the thickness (y of each of the detection electrodes, 
t fT /t e , but the ratio is preferably from 1 .5 to 3, particularly preferably from 1 .8 to 2.2. No particular limitation is imposed 
on the thicknesses of the electrodes, but an excessively thin electrode is unfavorable for attaining sufficient adhesion 
of the entire electrode surface to the moisture-sensitive layer. When the detection electrodes are composed of an upper 
electrode and a lower electrode, no particular limitation is imposed on the thickness ratio therebetween. The upper 

30 and lower electrodes may assume similar thicknesses. 

[0022] Employment of a thin moisture-sensitive layer and thin detection electrodes can greatly reduce electrical 
resistance of the moisture-sensitive layer. The humidity sensor of the present invention can be used in, for example, 
an exhaust pipe of an automobile or a fuel feed pipe of a fuel cell. In such an application, an atmosphere surrounding 
the humidity sensor is generally full of electrical noise. Therefore, a conventional humidity sensor, whose moisture- 

35 sensitive layer is high in electrical resistance, requires installation of a capacitor or a like component in a control circuit, 
or employment of a filter circuit. However, employment of a thin moisture-sensitive layer and thin detection electrodes 
reduces the electrical resistance of the moisture-sensitive layer to about from 1/10 to 1/100 in comparison with the 
conventional level, thereby obviating employment of a capacitor, a filter circuit, or a like component. 
[0023] The humidity sensor of the present invention, including the insulating substrate, the detection electrodes, and 

40 the moisture-sensitive layer, can be used in practice, if the sensor has lead wires connected to and extending from the 
detection electrodes, in order to obtain output from the sensor. However, preferably, a heater is provided in the insulating 
substrate. When the humidity sensor is periodically heated by means of the heater, moisture and other impurities that 
have invaded the moisture-sensitive layer can be removed completely. Through this removal, the moisture-sensitive 
layer is always maintained in a clean state, accuracy in detection by the sensor is enhanced, and the sensor maintains 

45 excellent output characteristics over a long period of time. Even in case that the humidity is very high, dew condensation 
onto the sensor can be prevented by operating the heater. 

[0024] In the humidity sensor which measures the moisture content of an atmosphere at absolute zero temperature 
on the basis of change in the resistance of the moisture-sensitive layer, the resistance of the moisture-sensitive layer 
changes in accordance with the temperature of an atmosphere to be measured; i.e., the resistance of the layer has 
so temperature dependency. Therefore, preferably, a temperature measurement resistor is provided within the insulating 
substrate. Change in the resistance of the moisture-sensitive layer with temperature is corrected by the temperature 
measurement resistor, and thus humidity can be detected at high accuracy, independent of the temperature of the 
atmosphere. 

[0025] Preferably, the heater and the temperature measurement resistor are provided in the insulating substrate so 
55 as to be located at least partly below the moisture-sensitive layer. When the heater is provided at least partly below 
the moisture-sensitive layer, the entirety of the moisture-sensitive layer is easily heated in a substantially uniform man- 
ner, moisture and other impurities that have invaded the moisture-sensitive layer can be removed efficiently, and the 
power consumption required for heating the layer can be reduced to the greatest possible extent. Meanwhile, through 
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provision of the temperature measurement resistor at least partly below the moisture-sensitive layer, the temperature 
of an atmosphere can be measured at a position which is substantially the same as the position at which the humidity 
is detected, without being affected by heat conduction of the insulating substrate. Therefore, accuracy in humidity 
detection can be further enhanced. 

5 [0026] Even when the humidity sensor of the present invention is used in an atmosphere containing a small amount 
of oxygen and containing a considerable amount of reducing gas, the sensor maintains excellent performance over a 
long period of time. The phrase "the amount of oxygen is small 0 refers to a state, for example, concentration of about 
10 9 to 1 0" 20 atm. The term "an atmosphere containing reducing gas" refers to an atmosphere containing reducing gas 
in a certain amount or more such that the reducing gas can bring about chemical equilibrium. 

w [0027] In the humidity sensor of the present invention, the moisture-sensitive layer is thin, and each of the detection 
electrodes is thinner than the moisture-sensitive layer, thereby facilitating diffusion of a gas to be measured and pro- 
viding highly good response. This will be described below in detail. 

[0028] In application to measurement in a specific atmosphere that exhibits significant temperature variation and low 
oxygen concentration, as in an exhaust pipe of an automobile, or in a specific atmosphere that is highly reducing, as 
is around an electrode or in a pipe of a fuel cell, a humidity sensor must exhibit highly good response. The most influential 
factor in relation to this response is diffusibility of a gas to be measured within the moisture-sensitive layer and within 
the detection electrodes. Diffusion of gas will next be described according to Fck's law, with reference to the schematic 
view of FIG. 7 showing diffusion of gas within the moisture-sensitive layer. 

[0029] An elongated simple cubic lattice having a certain unit cross section will be discussed by way of example. 

20 When diffusion proceeds along the X axis, diffusion of gas from lattice plane 1 to lattice plane 2 is determined by the 
frequency of jumps of atoms to an adjacent lattice plane. When b represents a crystal face; C 1 and 0% represent the 
number of diffusing atoms per unit volume in relation to lattice plane 1 and lattice plane 2, respectively; and n 1 and n 2 
represent the number of atoms per unit area in relation to lattice plane 1 and lattice plane 2, respectively, n 1 is expressed 
by n^Cjb, and n 2 is expressed by n£=C 2 b. When the atoms jump to an adjacent lattice plane f times per unit time, 

25 the number of atoms jumping from lattice plane 1 to lattice plane 2 is expressed by fn v Since a simple cubic lattice 
involves six possible directions along which atoms jump, the number of atoms jumping from lattice plane 1 to lattice 
plane 2 is expressed by fnj/6. 

[0030] In the case of plane A located between lattice plane 1 and lattice plane 2, the number of atoms (flux) J passing 
through plane A along the X direction can be expressed by 

30 

J = -fb/6*{C 2 -C 1 ) 

[0031] When the difference between C 1 and C 2 is small, (C 2 - C.,) can be expressed by use of a concentration 
35 gradient, as follows. 

C 2 - C 1 = b*dC/dX 

40 Then, the number of atoms J is expressed by 

J = -fb/6*b*dC/dX 

45 Assuming that D is expressed by D^fb 2 ^, the number of atoms J is expressed by 

J - -D*dC/dX 

so The above expression indicates that the amount of diffusion is proportional to a concentration gradient 

[0032] The above expressions indicate that the amount of diffusion can be adjusted by means of constant b, which 
depends on a moisture sensitive material to be used, mixing proportions among a plurality of moisture sensitive ma- 
terials to be employed, the grain size of a moisture sensitive material to be used, or the like. However, when the amount 
of diffusion is adjusted through adjustment of such a material-related factor of the moisture-sensitive layer, the char- 

55 acteristbs of the moisture-sensitive layer change greatly, resulting in difficulty in obtaining a humidity sensor having a 
predetermined moisture-sensing characteristic. Meanwhile, the amount of diffusion can be adjusted by means of ad- 
justing the distance along the X direction; i.e., by means of adjusting the thickness of the moisture-sensitive layer. The 
thinner the moisture-sensitive layer, the greater the amount of diffusion. Increase in the amount of diffusion enhances 
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response. Adjustment of the amount of diffusion through adjustment of the thickness of the moisture-sensitive layer, 
as employed by the humidity sensor of the present invention, can enhance response without involving change in mois- 
ture-sensing characteristic. 

[0033] The humidity sensor of the invention preferably is made of a metal oxide or compound oxide and comprises 

5 a protective layer for covering the detection electrode and the moisture-sensitive layer. This protective layer makes it 
possible to inhibit the deterioration of the moisture-sensitive layer by harmful materials contained in the atmosphere 
to be measured. A metal oxide or compound oxide exhibits a high heat resistance and thus can form a humidity sensor 
which exhibits an excellent durability even when the atmosphere to be measured has a temperature as high as higher 
than 800°C. The kind of the metal oxide or compound oxide to be used is not limited. As the metal oxide or compound 

10 oxide there may be used alumina, spinnel, mullite, zircon ia, titan ia, ceria, magnesia or the like. In particular, a ceramic 
which can difficultly undergo thermal shrinkage such as compound oxide (e.g., spinnel, mullite) is preferred. 
[0034] The protective layer is made of a porous material having a porosity of preferably from 20% to 80%, particularly 
from 30% to 70%. When the porosity of the protective layer fails below 20%, the resulting protective layer is little 
permeable to moisture or the like, possibly deteriorating the responce of the humidity sensor to disadvantage. On the 

15 contrary, when the porosity of the protective layer exceeds 80%, harmful materials can easily permeate the protective 
layer, making it occasionally impossible to sufficiently inhibit the deterioration of the moisture-sensitive layer. The meth- 
od for forming this protective layer is not specifically limited. The protective layer can be formed by an ordinary method 
for forming a metal oxide film or compound oxide film. In particular, the protective layer is preferably formed by a screen 
printing method, transfer method, spray coating method or dtp coating method. 

20 [0035] The protective layer, if the element is formed by opposing electrodes, is formed after the formation of the 
aforementioned electrodes so as to cover the element at least on the surface of the upper electrode and the area of 
the moisture-sensitive layer on which the upper electrode is not laminated. In this arrangement, the moisture-sensitive 
layer is sufficiently protected. The element is preferably covered by the protective layer on the whole surface thereof, 
including the edge face of the moisture-sensitive layer and the upper electrode. In other words, it is preferred that the 

25 peripheral edge of the protective layer be formed in contact with the surface of the insulating substrate. In this arrange- 
ment, the resulting humidity sensor can be provided with a better durability. The thickness of the protective layer is 
preferably from 1 0 jim to 200 urn, particularly from 20 ujti to 1 00 pan. When the thickness of the protective layer is too 
smalt, harmful materials cannot be sufficiently caught. On the contrary, when the thickness of the protective layer 
exceeds 200 ujti, the resulting protective layer is liable to peeling from the upper electrode or the like to disadvantage. 

30 [0036] The sensor of the invention is characterized in that it is used to detect the state of a device for purifying the 
exhaust gas from an internal combustion engine (e.g., adsorbing material capable of adsorbing hydrocarbon and water 
content, exhaust gas purifying material such as three-way catalyst, HC trapping material comprising zeolite or the like, 
HC adsorption catalyst comprising a three-way catalyst and an HC trapping material) from the change of amount of 
water vapor in the exhaust gas. The invention discloses the usage of humidity sensor by way of example. For example, 

35 as disclosed in Japanese Patent Laid-Open No. 2001 -323811 , this type of an exhaust gas purifying device is used to 
purify the exhaust gas from an internal combustion engine. As disclosed in the above cited patent application disclosure, 
as the exhaust gas purifying device comprising an adsorbing material or the like deteriorates, the amount of water 
vapor downstream from the exhaust gas purifying device varies. Accordingly, by measuring the amount of water vapor 
in the exhaust gas downstream from the exhaust gas purifying device, the deterioration state of the exhaust gas puri- 

40 fying device can be detected. 

EXAMPLES 

[0037] The present invention will next be described in more detail by way of examples. 

45 

[1] Structure of humidity sensor 
Example 1 

so [0038] FIG. 1 a is a perspective view showing an example of a humidity sensor 1 according to the present invention. 
FIG. 1 b is a cross-sectional view taken along line A-A' in FIG. 1a. 

(1) Insulating substrate 

55 [0039] An insulating substrate 1 1 is formed from Al20 3 , and has a thickness of 1 .6 mm , a width of 4 mm, and a length 
of 45 mm. A heater 111 which is formed from Pt and assumes the shape of a bent strip is provided in the insulating 
substrate to be located at least parity below a moisture-sensitive layer at a position which is about 1/4 the thickness 
of the substrate distant from the lower surface of the substrate. A temperature measurement resistor 112 which is 
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formed from Pt and assumes the shape of a bent strip is provided in the insulating substrate to be located at least 
partly below the moisture-sensitive layer at a position which is about 1/4 the thickness of the substrate distant from the 
upper surface of the substrate. 

s (2) Moisture-sensitive layer, detection electrodes, etc. 

[0040] A lower electrode 12 formed from Pt is joined to the upper surface at one longitudinal end of the insulating 
substrate. The lower electrode 1 2 is formed by a porous material having an average grain diameter of from 2 urn to 3 
urn and pores having a diameter of from 0.5 um to 10 um and comprising yttria-stabilized zirconia incorporated therein 

to in an amount of 12% by weight. The lower electrode 1 2 has a thickness of 1 5 um, a width of 2 mm, and a length of 2.5 
mm. A portion of the lower electrode 12 is connected to an output lead wire 121 . The lower surface of a moisture- 
sensitive layer 13 formed from a moisture sensitive ceramic material containing A^C^ and predetermined amounts of 
Ti0 2 and Sn0 2 is joined to the entire surface of the lower electrode and a portion of the insulating substrate. The 
moisture-sensitive layer 13 is formed by a porous material having an average grain diameter of from 0.05 ujti to 0.1 

15 um and comprising pores having a diameter of from 0.05 um to 0.2 umm. The moisture-sensitive layer 1 3 has a thick- 
ness of 30 um, a width of 2.5 mm, and a length of 2.5 mm. An upper electrode 14 formed from Pt is joined to the upper 
surface of the moisture-sensitive layer which is opposite the lower electrode. The upper electrode 14 is formed by a 
porous material having an average grain diameter of from 2 ujti to 3 ujti and pores with a diameter of from 0.5 um to 
10 ujti and comprising a yttria-stabilized zirconia incorporated therein in an amount of 12% by weight. The upper 

20 electrode 14 has a thickness of 15 um, a width of 2 mm, and a length of 2.5 mm. A portion of the upper electrode 
extends to be connected to an output lead wire 141 . 

[0041] The heater is connected to a power supply source, and the temperature measurement resistor is connected 
to a temperature detection circuit. The power supply source, the temperature detection circuit, and lead wires connected 
thereto are not illustrated for the sake of simplicity. 

25 

Example 2 

[0042] FIGS. 2a and 2b are a perspective view showing another example of the humidity sensor 1 according to the 
present invention. FIG. 2a is a perspective view showing comblike electrodes formed on the insulating substrate. Fig. 

30 2c is a cross-sectional view of the humidity sensor taken along line A-A' in FIG. 2b. 

[0043] In. this humidity sensor, comblike electrodes 15 formed from Pt are joined to the upper surface at one longi- 
tudinal end of the insulating substrate 11 . Each of the comblike electrodes 15 has a thickness of 15 ujti, a width of 2 
mm, a length of 2.5 mm, and a comb tooth width of 100 um. End portions of the electrodes are connected to corre- 
sponding output lead wires 151 and 152. The lower surface of a moisture-sensitive layer 13 formed from a moisture 

35 sensitive ceramic material containing AI2O3 and predetermined amounts of Ti0 2 and Sn0 2 is joined to the entire surface 
of the comb like electrodes and a portion of the insulating substrate. 

[2] Fabrication of humidity sensor 

40 Fabrication of humidity sensor of Example 1 

(1) Production of an insulation substrate having output lead wires thereon, and a heater and a temperature 
measurement resistor disposed within the substrate. 

45 [0044] A slurry containing alumina powder was prepared, and alumina green sheets A, B, C, and D (the entirety to 
serve as an insulating substrate 11 after firing) (thickness of each sheet: 400 um) were formed from the slurry through 
a doctor blade process. Thereafter, through screen printing, a Pt-containing paste for a heater was applied onto the 
upper surface of the alumina green sheet A, to thereby form a heater pattern (to serve as a heater 111 and wires to 
be connected to the power supply source (not illustrated) after firing). 

so [0045] Through screen printing, a Pt-containing paste for a temperature measurement resistor was applied onto a 
first surface of the alumina green sheet C, to thereby form a temperature measurement resistor pattern (to serve as a 
temperature measurement resistor 112 and wires to be connected to the temperature detection circuit (not illustrated) 
after firing). Furthermore, through screen printing, a Pt-containing paste for output lead wires was applied onto a first 
surface of the alumina green sheet D, to thereby form output lead wire patterns (to serve as output lead wires 121 and 

55 141 after firing). 

[0046] Subsequently, the alumina green sheets A to D were stacked on one another, such that 1 ) a second surface 
of the alumina green sheet D (the output lead wire patterns having been formed on the first surface thereof) came into 
contact with the first surface of the alumina green sheet C on which the temperature measurement resistor pattern had 
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been formed; 2) a second surface of the alumina green sheet C came into contact with a first surface of the alumina 
green sheet B, the sheet B serving as an insulating layer for further reliably preventing contact between the heater 
pattern and the temperature measurement resistor pattern; and 3) a second surface of the alumina green sheet B 
came into contact with a first surface of the alumina green sheet A on which the heater pattern has been formed. The 
5 resultant product was pressed to thereby form a laminate. Thereafter, the resultant laminate was fired at 1 ,550° C for 
two hours, to thereby produce an insulating substrate in which a heater and a temperature measurement resistor were 
provided. 

[0047] The dimensions of the green sheets were determined such that 1 0 insulating substrates could be produced. 
Heater patterns, temperature measurement resistor patterns, and output lead wire patterns were formed in a number 
10 corresponding to the number of the substrates. The green sheets were stacked as described above, and the resultant 
laminate was cut into green substrates. The resultant green substrates were fired to thereby produce 10 insulating 
substrates simultaneously. 

(2) Formation of moisture-sensitive layer, detection electrodes, etc. 

15 

[0048] The moisture-sensitive layer, the detection electrodes, etc. were formed according to the following steps (i) 
-(Hi). 

(i) Formation of lower electrode 

20 

[0049] A platinum paste was applied, through printing, onto the surface of the insulating substrate 11 produced in 
(1) so as to form a lower electrode pattern having a thickness of 1 5 um, a width of 2 mm, and a length of 2.5 mm. The 
resultant product was dried at 60°C for one hour and was then fired at 1,200°C for 10 minutes, to thereby form the 
lower electrode 1 2. 

25 

(ii) Formation of moisture-sensitive layer 

[0050] A paste for a moisture-sensitive layer, which had been prepared from a powder mixture containing AI2O3 
powder and predetermined amounts of Ti0 2 powder and Sn0 2 powder, was applied, through printing, onto the surface 
30 of the lower electrode formed in (i). Thereafter, the resultant product was fired at 1 ,200°C for two hours, to thereby 
form a moisture-sensitive layer 13 having a thickness of 30 jim, a width of 2.5 mm, and a length of 2.5 mm. 

(iii) Formation of upper electrode 

35 [0051 ] A platinum paste was applied, through printing, onto the surface of the moisture-sensitive layer formed in (it) 
so as to form an upper electrode pattern having a thickness of 15 um, a width of 2 mm, and a length of 2.5 mm. 
Simu itaneously, a pattern for secu ring conduction between the upper electrode and the output lead wire 1 41 was printed 
onto one end face of the moisture-sensitive layer and onto the surface of the insulating substrate. The resultant product 
was dried at 60°C for one hour and was then fired at 1 ,200°C for 1 0 minutes, to thereby form the upper electrode 1 4, 

40 etc. Thus was fabricated the humidity sensor. 

Fabrication of humidity sensor of Example 2 

[0052] A humidity sensor of Example 2 was fabricated in a manner similar to that of Example 1 except for the following. 

45 A platinum paste was applied, through printing, onto the surface of the insulating substrate, which had been produced 
in a similar manner as in the case of fabrication of the humidity sensor of Example 1 , so as to form comblike electrode 
patterns. The resultant product was dried and was then fired to thereby form the comblike electrodes. Thereafter, the 
paste for a moisture-sensitive layer which was used in fabrication of the humidity sensor of Example 1 was applied, 
through printing, onto the surface of the comblike electrodes. The resultant product was fired to thereby form the 

so moisture-sensitive layer. 

[0053] As described above, two kinds of humidity sensors of the present invention were fabricated. A humidity sensor 
of Comparative Example 1 was also fabricated in a manner similar to that of Example 1 except that a moisture-sensitive 
layer having a thickness of 400 um was formed by a pelleting process. 

55 
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[3] Evaluation of performance of humidity sensor 

(1) Evaluation of initial characteristics 

5 [0054] The humidity sensors of the present invention and the humidity sensor of Comparative Example, which were 
fabricated in [2], were evaluated for moisture-sensing characteristic and response characteristic by means of a difflu- 
ence method (in compliance with J IS Z 8806; see FIG. 8). This test evaluated how and to what extent a moisture- 
sensing characteristic and a response characteristic vary with the thickness of the moisture-sensitive layer. Evaluation 
conditions are described below. 

10 

(i) Moisture-sensing characteristic (humidity sensors of Example 1 and Comparative Example 1) 

[0055] With air used as an evaluation gas, a sensor output was measured under the following conditions: temperature 
20°C; and relative humidity 10%, 20%, 40%, 60%, 80%, and 90%. In order to eliminate condensed water, the sensors 
'5 were heated. After a measured resistance was stabilized, a sensor resistance was measured at the above humidity 
values, to thereby evaluate the sensors. The results are shown in FIG. 3. 

(ii) Response characteristic (humidity sensors of Example 1 and 2 and Comparative Example) 

20 [0056] With air used as an evaluation gas, a sensor output was measured at a temperature of 20° C while relative 
humidity was varied over the range of 20% to 80%. In order to eliminate condensed water, the sensors were heated. 
After a measured resistance was stabilized, a change in sensor resistance was measured while humidity was varied, 
to thereby evaluate the sensors. The results are shown in Table 1 and FIGS. 4 and 5. In FIGS. 4 and 5, the vertical 
axis indicates a sensor output that is reduced to humidity on the basis of resistance. Response characteristics of the 

25 sensors were compared on the basis of response time at the time of 63.2% response. 



Table 1 





Measured value 


Response characteristic [63.2% (x=1)] 


Humidity 20% 


Humidity 80% 


Ultimate humidity 


Ultimate time 


Example 1 


21.84 


75.78 


55.82% 


1.4 sec 


Example 2 


23.55 


75.73 


56.42% 


1.2 sec 


Comparative Example 1 


24.55 


76.98 


57.58% 


8.6 sec 



[0057] As is apparent from FIG. 3, the humidity sensors of Example 1 and Comparative Example 1 exhibit substan- 
tially similar moisture-sensing characteristics. However, the sensor of Example 1 can reduce sensor resistance to about 
1/30 that of Comparative Example 1 . According to Table 1 and FIGS. 4 and 5, the humidity sensors of Examples 1 and 
2 exhibit a response time which is a little in excess of 1 sec, thereby proving that the sensors exhibit excellent response. 
By contrast, the humidity sensor of Comparative Example 1 exhibits a response time of near 9 sec, indicating response 
thereof is greatly impaired because of the moisture-sensitive layer being thick. 

(2) Interrelation between thickness of moisture-sensitive layer and response (Example 1) 

[0058] The interrelation between the thickness of the moisture-sensitive layer and response was evaluated by use 
of the humidity sensor of Example 1 in a manner similar to that in (1 ) (ii). The results are shown in FIG. 6. 
[0059] As is apparent from FIG. 6, as the thickness of the moisture-sensitive layer reduces, response is enhanced; 
and at a thickness of the moisture-sensitive layer of not greater than 1 00 urn, response time is not longer than 2 sec, 
indicating that the sensor exhibits excellent response. In this manner, as the moisture-sensitive layer becomes thinner, 
response is enhanced. However, as mentioned previously, when the moisture-sensitive layer is excessively thin, a 
short circuit between the upper and lower electrodes or a like problem arises. Therefore, preferably, the thickness of 
the moisture-sensitive layer is determined in consideration of such factors. 

[0060] As shown in Figs. 9a and 9b, a protective layer 150 made of spinnel may be formed on the upper and side 
surfaces of the upper electrode and the moisture-sensitive layer. The peripheral edge of the protective layer is con- 
nected to the upper surface of the insulating substrate. In other words, the upper electrode, the moisture-sensitive 
layer and the lower electrode are entirely covered by the protective layer. The thickness of the protective layer is 30 
jim. The porosity of the protective layer is 55%. 
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[0061] The formation of the protective layer 150 is accomplished by the following method. In some detail, a spinnel 
powder is stirred in a dry process for 1 hour. To the powder were then added an acetone solution of ethyl cellosofve 
and n-butyl acetate in a proportion of 1/10 and 4.3/10, respectively, by mass. The mixture was then stirred in a wet 
process for 1 hour to prepare a paste for protective layer. Thereafter, the paste for protective layer was printed on the 
5 upper surface of the upper electrode formed at the aforementioned step (3) to form a pattern for protective layer to a 
thickness of 30 um. Subsequently, the coated material was dried at a temperature of 60°C for 1 hour, and kept and 
calcined at a temperature of 1 ,200°C for 2 hours to form a protective layer 15. 

[0062] By thus forming a protective layer having an excellent heat resistance made of a metal oxide or compound 
oxide, a humidity sensor can be obtained which exhibits an excellent durability because it undergoes no deterioration 
10 of properties due to harmful materials contained in the atmosphere to be measured even at high temperatures and 
gives a stabilized output even when used in an atmosphere having a low oxygen concentration and contains a reducing 
gas. Accordingly, the humidity sonsor of the invention is useful particularly for the detection of the moisture content in 
a specific atmosphere as in the exhaust pipe of automobile, etc. or in fuel cell. 

[0063] The present invention can provide a humidity sensor which produces stable output and exhibits excellent 
*5 durability even in application to measurement in an atmosphere which exhibits low oxygen concentration, presence of 
a reducing gas, high temperature, and significant variations in, for example, gas flow rate and gas flow velocity. The 
humidity sensor can be fabricated by use of conventional materials and a conventional method, without need of special 
materials, apparatus, oparation, etc. The humidity sensor is particularly useful for detecting the moisture content of a 
specific atmosphere, as in an exhaust pipe of a vehicle or as around an electrode of a fuel cell. 
20 [0064] The entire disclosure of each and every foreign patent application from which the benefit of foreign priority 
has been claimed in the present application is incorporated herein by reference, as if fully set forth herein. 



Claims 

25 

1 . A humidity sensor comprising an insulating substrate, a detection electrodes and a moisture-sensitive layer, where- 
in the moisture-sensitive layer is a porous layer and has a thickness not greater than 200 um. 

2. The humidity sensor according to claim 1 , wherein the moisture-sensitive layer has a thickness not greater than 
30 50 um. 

3. The humidity sensor according to claim 1 or 2, wherein each of the detection electrodes comprises a noble metal 
and is formed of a porous material which has an average pore size greater than that of the moisture-sensitive layer. 

35 4. The humidity sensor according to any one of claims 1 to 3, wherein the detection electrodes comprises a lower 
electrode and an upper electrode; the lower electrode overlies the insulating substrate; the moisture-sensitive layer 
overlies the lower electrode such that an entire surface of the lower electrode except the surface covered with the 
insulating substrate is covered with the moisture-sensitive layer; and the upper electrode overlies the moisture- 
sensitive layer at a same position with the lower electrode in laminating direction. 

40 

5. The humidity sensor according to any one of claims 1 to 3, wherein a planar shape of the detection electrodes is 
a comblike planar shape; the detection electrodes overlies the insulating substrate; and the moisture-sensitive 
layer overlies the detection electrodes such that an entire surface of the detection electrodes except the surface 
covered with the insulating substrate is covered with the moisture-sensitive layer. 

6. The humidity sensor according to any one of claims 1 to 5, wherein a heater is provided in the insulating substrate. 

7. The humidity sensor according to any one of claims 1 to 6, wherein a temperature measurement resistor is provided 
in the insulating substrate. 

8. The humidity sensor according to claim 6, wherein the heater is positioned at least partly within a region formed 
by projecting the moisture-sensitive layer in laminating direction. 

9. The humidity sensor according to claim 7, wherein the temperature measurement resistor is positioned at least 
55 partly within a region formed by projecting the moisture-sensitive layer in laminating direction. 

10. The humidity sensor according to any one of claims 1 to 9, wherein the diameter of pores in the detection electrodes 
is from 0.5 urn to 20 um. 



45 
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1 1 . The humidity sensor according to any one of claims 1 to 1 0, wherein the diameter of pores in the moisture-sensitive 
layer is from 0.05 pm to 1 \un. 

1 2. The humidity sensor according to any one of claims 1 to 1 1 , wherein the detection electrodes comprises particulate 
5 ceramic in an amount of from 1 to 20% by weight 

13. The humidity sensor according to claim. 12, wherein the particulate ceramic is particulate alumina or particulate 
zirconia. 

10 14. The humidity sensor according to any one of claims 1 to 13, further comprising a protective coat that covers the 
detection electrodes and the moisture-sensitive layer, wherein the protective coat comprises one of a metal oxide 
and a compound oxide. 



15 
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15. The humidity sensor according to claim 14, wherein the protective coat has a porosity of from 20% to 80%. 

1 6. The humidity sensor according to daim 1 4 or 1 5, wherein the protective coat has a thickness of from 1 0 jim to 200 
jim. 
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FIG. 2a 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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FIG. 9a 
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